Cover crops could play an important role in increasing nutrient availability and crop yield in organic systems. Th is study had two main objectives, (i) compare the eff ects of medium red clover (Trifolium pratense L.), cereal rye (Secale cereale L.), and oilseed radish (Raphanus sativus L.) cover crops on N availability and dry bean (Phaseolus vulgaris L.) growth and yield and
D
ry edible bean crops are grown in several regions of the United States. Th e top producing states based on hectares harvested in 2013 were: North Dakota (33%), Michigan (13%), and Idaho (9%) (USDA-NASS, 2014a) . Michigan is the second largest producer of navy bean and the largest producer of black bean in the United States (USDA-NASS, 2014b). Under conventional dry bean production, producers typically treat seeds with insecticides and/ or fungicides and both pre-and post-emergence herbicides are used to control weeds. Furthermore, though dry bean is a legume, 45 kg N ha -1 or more is applied at planting in conventional systems as N fi xation is not as effi cient in dry bean as in other legumes, such as soybean [Glycine max (L.) Merr.] (George and Singleton, 1992) .
Demand for organically produced dry bean has been on the rise in recent years both within the United States and abroad. Michigan was the top organic dry bean producing state in 2011, with 33% of the total organic area harvested (USDA-ERS, 2013) . Producing a quality dry bean crop without the use of synthetic amendments and pesticides presents unique challenges for organic growers, especially when it comes to soil fertility, pest management (i.e., insects, diseases, and weeds) and bean cultivar selection.
Cover crops are one possible solution to address soil fertility and some pest management issues in the production of organic dry bean. Cover crops can impact soil fertility, specifi cally N availability, through nutrient scavenging (Sainju et al., 1998; O'Reilly et al., 2012) and N fi xation by leguminous cover crops (Stivers and Shennan, 1991; Sainju and Singh, 2001) . Th e magnitude and timeframe over which cover crops alter soil inorganic N is dependent on many factors, including environment and climate, soil characteristics (soil composition), cover crop characteristics (composition and growth stage) and management practices (crop rotation, tillage, etc.) (Wagger et al., 1998; Dabney et al., 2010) .
Two commonly grown cover crops in the Midwest are medium red clover and cereal rye because the seed is readily available and relatively inexpensive. Medium red clover is typically interseeded into, or planted following, a small-grain the year before corn (Zea mays L.) is planted, whereas cereal rye is most oft en planted between corn and soybean or dry bean.
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Cover Crop Impact on Nitrogen Availability and Dry Bean in an Organic System (ii) compare the use of ion exchange resin and chlorophyll content monitoring with traditional soil KCl extractions for determining soil inorganic N availability. Red clover increased soil inorganic N up to 55 kg ha -1 , resulting in delayed maturity and greater grain N in some site-years; population and yield were not aff ected. Rye reduced soil inorganic N and caused early maturity of bean in some site-years; at maximum dry biomass production (12.8 Mg ha -1 ) rye reduced dry bean yield. Oilseed radish occasionally increased inorganic N and bean populations; yield was not infl uenced. Cover crop and weed C/N ratios and C and N content were the most consistent factors infl uencing soil inorganic N. Soil inorganic N measurements from soil extractions and resin strips were positively correlated, however the use of resin strips may be constrained due to frequent cultivation in organic systems. Correlations were seldom observed among these two direct N measures and dry bean relative chlorophyll content. Overall, planting cover crops did not benefi t dry bean yield, however producers may be able to manipulate soil inorganic N by focusing on cover crop quality, depending on their goals and species selection.
Oilseed radish is a newer cover crop of interest and row crop producers are still experimenting with how to best integrate this cover crop into their rotations. All three of these cover crops scavenge and reduce soil inorganic N during the fall and winter months (Sainju et al., 1998; Baggs et al., 2000; Vyn et al., 2000; Weinert et al., 2002; Williams and Weil, 2004; O'Reilly et al., 2012) .
Corn is often planted following a red clover cover crop to utilize available N. Several researchers have shown greater corn N uptake and/or yield following a clover cover crop compared with no cover (Torbert and Reeves, 1991; Dapaah and Vyn, 1998; Vyn et al., 2000; Gentry et al., 2013) . One season of clover increased residual soil inorganic N for at least 2 yr following incorporation compared with synthetic N (Harris et al., 1994) . However, a long-term clover stand did not have an additive effect on soil N compared with a single season of red clover planted as a cover crop (Gentry et al., 2013) .
Rye is a well-known nutrient scavenger and reduces N losses in the fall and winter months (Sainju et al., 1998; Baggs et al., 2000; Vyn et al., 2000; O'Reilly et al., 2012; Weinert et al., 2002) . The mineralization of N from rye residue is dependent on its physical characteristics and chemical composition at the time of termination (Wagger et al., 1998) . The C/N ratio is one of the components most highly correlated with decomposition and N mineralization/immobilization (Wagger et al., 1998) . As rye grows and matures in the spring, the C/N ratio increases and can quickly exceed 25:1 (Wagger, 1989) , leading to N immobilization (Clark et al., 1997; Kuo and Jellum, 2002) . The impact of rye on crop yields has been variable, with some crops, such as corn, suffering due to N immobilization (Torbert and Reeves, 1991) . Corn uptake of N mineralized from rye is low compared with N uptake from crimson clover (T. incarnatum L.) (Ranells and Wagger, 1997) . Other crops such as potato (Solanum tuberosum L.) have shown yield benefits from having rye in the rotation (Larkin et al., 2010) . Soybean yield generally is not influenced by a rye cover crop (Reddy, 2001; Reddy et al., 2003; Sawyer et al., 2012) .
Oilseed radish has piqued the interest of producers due to its rapid shoot and root growth during the late summer and early fall, potential to alleviate soil compaction and potential for pest suppression (Williams and Weil, 2004; Clark, 2007) . Oilseed radish is typically planted in late summer at northern latitudes in the United States and does not survive the winter when temperatures drop below -4°C, thus not requiring termination the following spring. Oilseed radish is known to scavenge N (Vyn et al., 2000; Clark, 2007; O'Reilly et al., 2012; Horton, 2013) , but research on N release and mineralization following oilseed radish winter-kill is limited (Vyn et al., 2000; O'Reilly et al., 2012; Horton, 2013) . Corn and soybean crops generally show no yield response to oilseed radish compared with no cover (Vyn et al., 2000; Williams and Weil 2004; O'Reilly et al., 2012) . However, corn yield increased following oilseed radish compared with no cover in 2 of 3 yr in an Ontario study (Dapaah and Vyn, 1998) . Corn yield also was improved at one of four research sites in Indiana in 2012 (Horton 2013) .
Previous research has focused on corn and potato yield following incorporation of medium red clover, cereal rye, and oilseed radish cover crops, however many questions remain with regard to dry bean, which are planted at least 30 d later than these and other local field crops, such as soybean and sugar beet (Beta vulgaris L.). Delaying the spring termination of overwintering cover crops would mean warmer soil and air temperatures, which would alter decomposition rates and the timing of N mineralization. For dry bean, which benefit from N fertilization, the altered N mineralization from late-spring terminated cover crops may influence growth and yield. The primary objective of this research was to determine the influence of red clover, cereal rye, and oilseed radish cover crops on, soil inorganic N and dry bean growth and yield in an organic system. It was hypothesized that the greatest impact on soil inorganic N and dry bean growth and yield would be found following medium red clover, as it was the only N fixing cover crop included and dry bean crops have been shown to benefit from added N. Cereal rye was expected to reduce soil inorganic N and potentially reduce dry bean yields; oilseed radish was hypothesized to have no impact on soil inorganic N and result in dry bean yields comparable to the no-cover control. The secondary objective was to compare the performance of select dry bean classes and cultivars in an organic system, specifically looking at currently available black and navy bean cultivars, as these are the two of the most common classes grown in Michigan. The final third objective was to compare the use of ion exchange resin and relative chlorophyll content with traditional soil KCl extractions for monitoring soil inorganic N availability during the dry bean growing season.
MATERIALS AND METHODS
The two main sites for this research were located on organically certified or transitional ground at Michigan State University (MSU) research farms for 3 yr (2011) (2012) (2013) The 2012 MSU site-year location was a Colwood-Brookston loam (fine-loamy, mixed, active mesic Typic Endoaquall-fine-loamy, mixed, super-active, mesic Typic Argiaquoll). Soil organic matter at the MSU locations was 3.9, 4.0, and 2.6% in 2011, 2012, and 2013, respectively. Additional satellite sites were located throughout Michigan on certified organic farms in cooperation with growers (Hill, 2014) ; data were not included in this paper.
In each site-year, a split plot design was used with three to four replications, based on spatial constraints. The main plot factor was cover crop species and the subplot factor was dry bean cultivar. There were four cover crop treatments: medium red clover, oilseed radish, cereal rye, and no cover. All cover crops were planted into or after the harvest of a small-grain crop in the calendar year preceding dry bean planting. Medium red clover cultivar Marathon was spring seeded by broadcasting at 11 kg ha -1 into the small grain usually in March, with the exception of the 2011 MSU site when red clover was seeded in August of 2010 (Table 1) . Following the harvest of the smallgrain crop, Groundhog oilseed radish (Ampac Seed Company, ‡ Clover = medium red clover, radish = oilseed radish, rye = cereal rye, no cover = weedy control. § Ground cover was measured at the time of peak biomass; fall for oilseed radish and spring for all other treatments. No ground cover measurements were taken for radish in the first fall of the project. ¶ For clover, radish, and rye the N content and C/N represent the cover crop biomass alone; for the no cover treatment, the N content is for the weed biomass collected in the spring. # Weed biomass was taken during the spring at the time of cover crop incorporation, even for oilseed radish, which winterkilled. Tangent, OR) was drilled at 12 kg ha -1 in mid-August and cereal rye cultivar Wheeler was drilled at 100 to 125 kg ha -1 in mid-September. The subplot factor consisted of four dry bean cultivars, two each in two classes. Black bean cultivars included Zorro (Kelly et al., 2009) and Black Velvet and navy bean cultivars included Vista and a non-nodulating line R99 (Park and Buttery, 1992) ; commercial cultivars were chosen based on Michigan grower input. Each cover crop plot was 12.2 m wide and a minimum of 15.2 m long. During the dry bean season, four 3 m wide bean subplots were planted within each main cover crop plot. Each subplot consisted of four rows of one dry bean cultivar at 76 cm spacing. Dry bean crops were planted 20, 12, 20 June at the MSU site and 17, 18, 24 June at the KBS site for 2011, 2012, and 2013, respectively. Target bean planting populations were 262,000 seeds ha -1 . No external N sources were added to fields in this study. The red clover and cereal rye cover crops were terminated using a chisel plow (Table 1 ). All oilseed radish and no cover control plots were also chisel plowed in the spring. All plots were field cultivated twice immediately before dry bean planting and all mechanical weed control measures were performed uniformly across all treatments at each location. Precipitation data were collected utilizing MSU's Enviro-weather online database (Michigan State University Enviroweather, 2014) ( Table 2) .
Cover Crop Quantity and Quality
Cover crop measurements included percent cover, height, dry biomass, C/N ratio, C and N content of the plant tissue. Measurements were taken at the time of peak production, which occurred in mid-to late-November for oilseed radish (before winter-kill), and in spring at the time of incorporation for clover, rye, and the weeds in the no cover treatment. Percent cover was determined using 15 m line-transects (Laflen et al., 1981) laid diagonally across the main cover crop plots. Categorical counts of cover crop, weed, or no vegetation were taken along transects at 50 points at 30 cm spacing. Two 0.25 m 2 quadrats of whole-plant material (shoots + roots) were collected for each cover crop plot. Soil within the quadrat was loosened to a depth of 45 cm and plants were gently pulled to excavate roots. Upon excavation, soil was removed by hand, whole-plant samples were separated into cover crop and weed material and were then dried at 66°C for 7 d and weighed. The C and N content and C/N ratio of the tissue were determined by grinding dried biomass samples using a laboratory and soil mill (Christy and Norris 20 cm, Christy Turner Ltd., Ipswich, Suffolk, UK) fitted with a ≤2-mm sieve and 2-g samples were sent for commercial analysis (Midwest Laboratories, Inc., Omaha, NE) for total C and N analysis via dry combustion.
Cover Crop Influence on Soil

Moisture at Dry Bean Planting
Soil volumetric water content (VWC) was measured in each cover crop treatment at the time of dry bean planting in 2012 and 2013. A soil moisture probe (Field Scout TDR 300, Spectrum Technologies, Inc., Aurora, IL) with prongs set at planting depth (2.5 cm) was used to measure 20 points within each plot.
Cover Crop Influence on Soil Inorganic Nitrogen
Three methods for quantitatively or qualitatively measuring the amount of inorganic N available in the soil for plant uptake were used in this research.
Soil Potassium Chloride Extraction. Eight to 10 soil cores were pulled in the fall and at five times during the dry bean growing season (at planting, V2, R1, R5, and harvest) to the depth of incorporation, 20 cm, in each cover crop plot. Samples were homogenized within each plot, immediately dried at room temperature with constant air circulation for 7 d (Gelderman and Beegle 1998) and ground to pass through a 1-mm sieve. After grinding, 10-g samples were extracted with 50 mL of 1 M KCl and filtered (no. 2 Whatman, GE Healthcare Bio-Science, Pittsburg, PA). Extracts were sent to the MSU Soil and Plant Nutrient Laboratory to determine NH 4 -N and NO 3 -N concentrations via the ammonium-salicylate and cadmium reduction methods, respectively, using a rapid flow injection autoanalyzer (QuikChem 8500, Lachat, Hach Co., Loveland, CO) (Mulvaney, 1996) . Cation and Anion Exchange Resin Strips. Ion exchange resin membranes have been used to study N availability in agricultural soils for 20 yr and reportedly mimic root uptake of nutrients (Subler et al., 1995; Schoenau, 1995, 2002) . The ability to continually monitor soil N may give resin membranes an advantage over soil extractions, which only reflect N availability at a single point in time; but the area of soil sampled using resin membranes is much more limited. A protocol adapted from KBS was utilized for this experiment (Jasrotia and McSwiney, 2008) . Two cation and two anion ion exchange resin strips (GE Water and Process Technologies, Trevose, PA), measuring 2.5 by 10.1 cm, entirely resin, were inserted vertically into the soil using a putty knife directly into dry bean rows near the center of each cover crop main plot. Each resin strip sampled the top 10.1 cm of the soil profile. Strips were buried so that no portions were exposed above the soil surface to minimize rodent feeding. Resin strips were replaced every 2 wk throughout the growing season for a total of eight sampling times. Following removal, soil was washed away using distilled water and all four strips from a given cover crop plot were combined and stored in 7.6 by 17.8 cm plastic bags (Whirl-Pak, Nasco, Fort Atkinson, WI) at 4°C until extraction. At the time of extraction, 25 mL per strip of 1 M KCl solution were added to the bags. The bags were sealed and shaken at 60 rpm for 1 h, after which the extracts were filtered and sent for analysis as described above for the soil extracts.
Relative Chlorophyll Readings. The positive correlation between plant chlorophyll and soil inorganic N has been documented (Piekkielek and Fox, 1992; Blackmer and Schepers, 1995) . Therefore, relative chlorophyll readings were taken at the V2, R1, and R5 bean stages using a chlorophyll meter (Minolta SPAD-502, Spectrum Technologies, Inc., Aurora, IL). Ten plants per subplot were sampled at each stage by placing the meter on the center leaflet of the uppermost, fully expanded trifoliate. Readings for a chlorophyll meter are all relative within a given site-year. Higher numbers indicate higher chlorophyll content and imply higher soil inorganic N.
Dry Bean Cultivar and Cover Crop Influence on Dry Bean Attributes
Dry bean measurements included: plant density, relative chlorophyll readings, maturity, yield, and grain N content. Plant densities were recorded at V2 and at the time of harvest by counting the number of plants in 4.6 m of two rows. Bean maturity was visually assessed one to two times per growing season; early ratings were taken 85 to 90 d after planting (DAP), whereas late ratings were taken 100 to 105 DAP. The scale ranged from 1 to 5; with 1 representing fully defoliated dry bean plants that were ready to harvest and 5 representing plants that were almost entirely green with all leaves still attached. At the time of harvest, whole plants were pulled from the soil by hand (4.6 m of two rows) and a stationary thresher (Low Profile Plot Thresher, Almaco, Nevada, IA) was used to separate the bean from the other plant material. Secondary cleaning of the samples was done using a seed cleaner (Vac-AWay, Hance Corp., Westerville, OH) to remove dirt, debris, and malformed or underdeveloped bean. Cleaned samples were weighed and grain moisture recorded using a Grain Analysis Computer 2100 Agri (Dickey-John Corp., Minneapolis, MN). Yields were calculated by adjusting to 18% moisture.
Statistical Analysis
All data sets were analyzed in SAS (Version 9.3, SAS Institute, Inc., Cary, NC) using the MIXED procedure. All cover crop parameters, soil moisture, soil N extractions, and resin strip extractions were measured at the main plot level; therefore, cover crop, year, and location were treated as fixed effects and replication was treated as a random effect. Dry bean populations, maturity, yield, and grain N were taken at the subplot level, therefore cover crop, bean cultivar, year, and location were treated as fixed effects and replication was treated as a random effect. Variance assumptions were checked using the UNIVARIATE procedure. Resin strip data were normalized using Log 10 transformation after adding a constant (1.1); back-transformed data is presented. Mean separation was conducted using Fisher's Protected LSD (P ≤ 0.05). Variations in management and weather led to many interactions among locations, years, and measurement timings, therefore within each main effect (i.e., cover crop and dry bean cultivar) site-years and timings were presented separately. The exception was total bean grain N, which was combined across locations for each of the 3 yr. The influence of the cover crop treatments on soil inorganic N and relative chlorophyll content were compared at each sample time and not over time, for all methods. Pearson's correlation coefficients were used to assess linear correlations among cover crop/weed, soil, and dry bean properties across all site-years (including grower satellite sites, Hill, 2014) using the CORR procedure in SAS. Pearson's correlation coefficients were also used to test for correlations among the measured soil inorganic N availability during the dry bean growing season across all cover crop treatments in all 6 site-years.
RESULTS AND DISCUSSION
Cover Crop Quantity and Quality Biomass. Clover was often flowering at the time of spring incorporation (not flowering at 2011 and 2013 MSU) with biomass ranging from 2.3 to 11.6 Mg ha -1 over the 6 site-years, with additional weed biomass of 0 to 1.3 Mg ha -1 (Table 1) . The 2011 MSU site-year had the least clover biomass because the cover crop was not seeded into a small-grain in the spring. Typical aboveground biomass production for red clover seeded in early spring ranges from 4.5 to 9 Mg ha -1 (Clark, 2007) . Red clover biomass in our study included root biomass, making the range of biomass production slightly higher by comparison. Percent cover of the red clover cover crop ranged from 83 to 100% at the time of incorporation in the spring (Table 1) .
Oilseed radish biomass in late fall (2 to 3 mo after planting, no plants flowering) ranged from 2.9 to 6.1 Mg ha -1 in five of the site-years (Table 1) . At 2012 MSU, oilseed radish had extremely low biomass (0.8 Mg ha -1 ) and N content (10 kg ha -1 ) due to competition from volunteer oat (Avena sativa L.) (67% cover and 6.1 Mg ha -1 dry fall biomass). By spring, volunteer oat crops were not a component of the weed samples because of winter-kill in northern climates. In the southeastern United States where oilseed radish can overwinter, Schomberg et al. (2006) recorded aboveground oilseed radish biomass of up to 6.2 Mg ha -1 . In our study, fall oilseed radish ground cover ranged from 56 to 74% (21% when in competition with volunteer oat, 2012 MSU). Oilseed radish biomass and percent cover can vary based on the time and method of seeding, as well as differences in fall growing conditions and residual soil N available at the time of oilseed radish seeding (Jablonski, 1997) .
Cereal rye total plant biomass at the time of spring termination (early to mid-May) ranged from 7.9 to 12.8 Mg ha -1 , similar to previous research reporting aboveground biomass only (Schomberg et al., 2006; Clark, 2007) . Rye root biomass accounts for 1 to 36% of total biomass and 2 to 18% of the total N contributions, depending on growing conditions and sample timing and depth (Sainju et al., 2005; Snapp et al., 2007) . Our target incorporation height for rye was 46 cm, during the initial phases of stem elongation; but spring precipitation often made it difficult to terminate rye at this stage. This was particularly true for 3 site-years (2011 MSU, 2012 KBS, 2013 MSU), where termination was not possible until rye heights exceeded 70 cm, during the later phases of stem elongation, which resulted in biomass accumulations greater than 11 Mg ha -1 . The 2011 MSU and 2012 KBS plots were mowed (heights of 92 and 125 cm, respectively) and incorporated with a chisel plow once the soil dried sufficiently. All rye was terminated before flowering. Percent cover of the rye cover crops ranged from 80 to 100% at the time of incorporation in the spring. Weed biomass within the rye cover crop was negligible in all site-years.
Weed biomass present in the spring in the no cover crop treatment was comprised of a variety of species based on year and location. The most commonly observed weeds in the spring were winter annuals such as common chickweed (Stellaria media L.), field pennycress (Thlaspi arvense L.), mayweed chamomile (Anthemis cotula L.), annual bluegrass (Poa annua L.), henbit (Lamium amplexicaule L.), and occasionally volunteer wheat. Weed biomass in the no cover control treatments ranged from 1.5 to 7.1 Mg ha -1 (Table 1) ; volunteer wheat was the dominant species in the high biomass site-year, 2011 KBS. Percent weed cover in the no cover control treatments ranged from 59 to 95%. More details on how cover crops impacted spring weed biomass can be found in Hill 2014.
Carbon and Nitrogen Content. Cereal rye and red clover contributed more C to the production system than the no cover weeds in 4 of 6 site-years (Table 1) . Increased C contributions from cover crops can lead to increased SOM formation over time (Reicosky et al., 1995) . Red clover interseeded in early spring contained more total N within its biomass than oilseed radish, cereal rye, or the no cover control; values ranged from 115 to 231 kg N ha -1 . Rye and oilseed radish had greater N content than the weeds found in the no cover control in 3 and 2 of 6 site-years, respectively. Nitrogen content was 10 to 164 kg ha -1 for oilseed radish, 42 to 135 kg ha -1 for rye and 18 to 53 kg ha -1 for the weeds in the no cover control. Schomberg et al. (2006) recorded more consistent aboveground oilseed radish N content, ranging from 75 to 95 kg N ha -1 . Our results for cereal rye were similar to other researchers (Schomberg et al., 2006; Clark, 2007; O'Reilly et al., 2012) , although our highest N content, 135 kg N ha -1 , was greater than any previously reported observations likely due to the inclusion of root biomass. As expected, cover crop/weed biomass was positively correlated with C and N content (Table 3) . Carbon/Nitrogen Ratios. The C/N ratios of the cover crops and weeds in the no cover control were positively correlated with the biomass produced ( Table 3 ). The C/N ratios of clover ranged from 15:1 to 18:1 and were consistently lower than cereal rye and the weeds in the no cover control, and in 4 of 6 site-years oilseed radish ( Table 2 ). The C/N ratio of oilseed radish was variable, with values ranging from 14:1 to 31:1. Schomberg et al. (2006) also observed varying oilseed radish C/N ratios from 14:1 to 29:1 over a 3-yr period, though these values were for aboveground material only. The C/N ratios of the rye biomass ranged from 26:1 to 52:1 and were higher than clover, oilseed radish and the weeds in the no cover control in 3 of 6 site-years (Table 1 ). These C/N ratios are similar to what others have observed (Clark et al., 1997; NRCS, 2011) . For all of these cover crops, the variability in C/N values by site-year could be the result of differences in development and relative plant component composition (i.e., leaves, stems, roots) at the time of sampling (Clark et al., 1997; Schomberg et al., 2006; NRCS, 2011) . For the weeds in the no cover control, C/N ratios ranged from 22:1 to 29:1. To date, C/N ratios of winter annual weed species have not been reported in the literature.
Cover Crop Influence on Soil
Moisture at Dry Bean Planting
In our research, soil VWC in the no cover treatments in the surface 2.5 cm ranged from 0.1 to 12.3% at the time of dry bean planting in 2012 and 2013 (soil VWC not measured in 2011), with KBS being particularly dry in both years. Soil VWC following red clover, rye, and oilseed radish was higher than the no cover treatment in 3, 2, and 1 of the 4 site-years, respectively (Table 1) . Soil VWC following these three cover crops was never lower than the no cover treatment at the time of dry bean planting (Tables 1 and 2 ). Cover crops that grow in the spring can act as mulch and high biomass producers, such as rye, can maintain higher levels of soil moisture for the subsequent cash crop compared with no cover control treatments (Teasdale and Mohler, 1993) . The incorporation of red clover and compost increased soil water content relative to the unamended treatment by a minimum of 2% in the 5 to 62 d following incorporation (Conklin et al., 2002) , and wet aggregate stability was improved through the use of overwintering cover crops such as red clover and ryegrass (Lolium multiflorum Lam.) (Dapaah and Vyn, 1998) , which could translate into increased soil water holding capacity. In contrast, winter legume cover crops reduced soil moisture compared with fallow, glyphosate [N-(phosphonomethyl) glycine] treatments in California (Stivers and Shennan, 1991) . Future studies should consider measuring impact of cover crops on soil VWC during the growth of the cover crop and throughout the following cash crop growing season at varying depths of the root zone to address growers concerns over soil moisture.
Cover Crop Influence on Soil Inorganic Nitrogen
Soil Potassium Chloride Extraction. Soil nitrate was always greater than ammonium, with an average of four times more nitrate than ammonium (data not presented), concurring with previous research (Sweeney et al., 2008; Spangler et al., 2014) . Dry beans can utilize both forms of N (Guo et al., 2007) ; therefore soil inorganic N was presented as total inorganic N. Soil inorganic N in November was lower in the oilseed radish treatments compared with the no cover control by 24 to 42% (4-29 kg N ha -1 ) in 4 of 6 site-years (Fig. 1) . Soil in the rye and clover treatments also had less inorganic N in November compared with the no cover control in 2 of 6 site-years, with maximum reductions of 6.5 and 20.1 kg N ha -1 , respectively. When clover was planted late in the summer (2011 MSU), fall soil inorganic N was greater in the clover compared with the no cover control, suggesting that the small clover scavenged less N than the weeds in the no cover control. In previous research, red clover, rye, and oilseed radish cover crops, reduced soil inorganic N during the fall and winter months (Sainju et al., 1998; Baggs et al., 2000; Vyn et al., 2000; Weinert et al., 2002; Williams and Weil, 2004; O'Reilly et al., 2012) .
Differences in soil inorganic N among the cover crop treatments were most prevalent at the time of dry bean planting (June, 2-4 wk after cover crop incorporation), followed by V2 (July, 5-8 wk after incorporation) and R1 (late-July to midAugust, 8 to 11 wk after incorporation) (Fig. 1) . Soil inorganic N at these sampling times was positively correlated with cover crop/weed C and N content and were all negatively correlated with cover crop/weed C/N ratio (Table 3 ). More specifically, red clover increased the total available N at the time of dry bean planting (June) by 13 to 34 kg N ha -1 in all site-years and by 14 to 55 kg N ha -1 in 4 of 5 site-years at V2 compared with the no cover control (2011 MSU is excluded due to late clover planting, Fig. 1 ). During the latter part of the growing season (R1 through harvest), clover treatments had greater soil inorganic N compared with the no cover control in some site-years.
Seasonal fluctuations in soil inorganic N are related to soil moisture, soil temperature, microbial populations and SOM, all factors which influence the decomposition and N mineralization of cover crop residues as well. In a bagged residue study conducted in Georgia, 60% of the N from crimson clover was released into the soil by 4 wk after moldboard plowing; 69% was released by 16 wk (Wilson and Hargrove, 1986) . The magnitude and duration of N mineralization from clover may be slower in Michigan than in Georgia because temperatures are cooler and there is less precipitation during the growing season. Cooler soil temperatures reduced N release from alfalfa pellets, blood meal, and chicken manure under laboratory incubation (Agehara and Warncke, 2005) and reduced precipitation resulted in 28% less N mineralization in crimson clover residue after 16 wk compared with a year with normal precipitation (Wagger, 1989) .
Soil inorganic N averaged 13 kg N ha -1 greater in the oilseed radish treatment in 2 of 6 site-years compared with no cover control at V2 and was greater than rye in 5 of 6 site-years (Fig. 1) . A similar observation was made by Vyn et al. (2000) at one of two Ontario, Canada, locations when oilseed radish was planted preceding corn. In that study, oilseed radish was fall plowed following a killing frost, had 2.9 mg N kg soil -1 (as nitrate) more at the time of pre-sidedress sampling than the no cover control, equating to a 20% increase in concentration. In Indiana, undisturbed oilseed radish plots were found to have increased soil nitrate availability compared to plots with no cover crop in the spring in the 6 wk leading up to corn planting in May, with concentrations being highest directly next to the root holes (Horton, 2013) . The weather that year was unseasonably warm in the late winter and dry in the spring and summer, therefore it is possible that residue breakdown and N mineralization occurred earlier and nitrate was not leached from the system as quickly as would be expected in a typical year. Fig. 1 . Total inorganic N in the top 20 cm of soil (nitrate + ammonium) as influenced by preceding cover crop for each site-year, by soil KCl extraction. Fall samples were collected in November of the previous year while cover crops were present; all other samples times are listed in relation to dry bean stage. Clover = medium red clover, radish = oilseed radish, rye = cereal rye, no cover = weedy control. Within each sampling time different letters represent differences as determined by Fisher's protected LSD (P ≤ 0.05), with LSD value presented in parentheses; NS = not significant.
Rye reduced soil inorganic N at the time of dry bean planting in 2 of 6 site-years, at V2 in 3 of 6 site-years and at R1 in 1 of 6 site-years, compared with the no cover control (Fig. 1) . The average N reduction was 13 kg N ha -1 at planting and 15 kg N ha -1 at V2 in those site-years. Immobilization of N by rye has been observed in numerous studies, particularly when rye is nearing the reproductive phase and/or biomass is high (Clark, 2007) . The reason N was immobilized in some siteyears and not others was not clearly explained by differences in rye biomass, C or N content, or C/N ratios (Table 1) .
Resin Strips. Though general trends in soil inorganic N availability were similar among the resin strip and KCl extracted soil cores and there was a positive correlation among the two sampling methods (V2 and R1, Table 4), the resin strips only detected differences among the cover crop treatments at 8 of the 30 common sample times, compared with 21 differences detected by the soil KCl extractions ( Fig. 1 and 2 ). An increase in soil inorganic N following red clover compared with the no cover control was found by both the extracted soil samples and the resin strips 63% of the time when the two methods concurrently detected differences. The relationship of soil inorganic N availability following the cover crop treatments was variable among the two sampling methods.
Reduced sample area and positioning were most likely responsible for the variability seen using the resin strips compared to the soil extractions and fluctuations in soil moisture may have also hindered their effectiveness in measuring soil inorganic N. The resin strips were placed at two points within a cover crop plot and may not be as representative of the whole plot as the 8 to 10 points sampled and pooled for soil KCl extraction. Also, due to cultivation in this organic system, the resin strips were placed directly in the bean row, where N was likely depleted by the growing dry bean roots, by contrast, soil samples for extraction were collected between the rows to avoid damaging plants. To investigate the suspected N depletion in the root zone, soil cores were collected and extracted both within and between the row at KBS and MSU in 2012 and . Inorganic N was 18 to 48% lower within the dry bean row compared with between the rows. Increasing the number of resin strips in the field may decrease variability; but it would be difficult to change their placement outside of the row in an organic system due to regular soil disturbances used to manage weeds. Finally, low soil moisture can reduce N uptake by ion exchange resin membranes, due to decreased contact between the resin surface and the soil solution (Johnson et al., 2005) . As soil moisture fluctuates throughout the growing season (not measured) the resin strips N adsorption may be reduced compared with soil KCl extractions, especially in a dry year like 2012. Destructive dry bean sampling for N content throughout the growing season for comparisons with resin strip and soil KCl extractions may further our understanding of which sampling system would be more appropriate for studying N dynamics in organic systems.
Relative Chlorophyll Readings. Dry bean crops planted following spring-seeded red clover had higher relative chlorophyll content compared with the no cover control at V2 in 3 of the 5 site-years (2011 MSU was omitted as clover was summer seeded, data not shown); soil inorganic N was higher in 4 of 5 site-years according to V2 soil KCl extractions (Fig. 1) . Previous researchers have documented an increase in plant chlorophyll as soil inorganic N increased (Piekkielek and Fox, 1992; Blackmer and Schepers, 1995) , however this research found no correlation between the two measures in most cases (Table 4) . Reduced chlorophyll readings were not observed following a rye cover crop relative to the no cover control (data not shown). Future studies should consider destructive tissue analysis at various bean stages for more sensitive measures of N status. Chlorophyll measurements lagged behind destructive assays in sugar beet (Beta vulgaris L.) and did not detect differences above a threshold N content (Sexton and Carroll, 2002) .
Dry Bean Cultivar and Cover Crop Influence on Dry Bean Attributes
Few differences were observed among the dry bean cultivars examined in this study. Black bean cultivars usually had higher harvest populations compared with navy bean cultivars, however yields of Black Velvet and Zorro black bean and Vista navy bean were similar (data not shown). The non-nodulating R99 navy bean yielded 15 to 36% less than the other cultivars and had 15 to 24% lower grain N content compared to Vista navy bean, in Table 4 . Correlation coefficients (r) for the methods of measuring soil N, both within the soil (soil KCl extraction and ion exchange resin strips) and based on relative chlorophyll content of the dry beans. The correlation was run across all cover crop and dry bean cultivars combined for all six site-years from 2011 to 2013. Correlations were only run for V2 and R1 dry bean stage sampling times as all methods were utilized at these times and these were two timings were differences among cover crops were most likely to be apparent.
Soil Fig. 2 . Total inorganic N in soil (nitrate + ammonium) as influenced by preceding cover crop for each site-year, as measured by cation and anion exchange resin strips. The x axis reflects weeks after dry bean planting, with dry bean stages noted below; H = harvest. Inorganic soil N units are two dimensional as they are based on the surface area of the resin strips and reflect daily exposure during the 2 wk the strips were buried in the field. Clover = medium red clover, radish = oilseed radish, rye = cereal rye, no cover = weedy control. Within each sampling time different letters represent differences as determined by Fisher's protected LSD (P ≤ 0.05); NS = not significant. Due to data transformation, LSD values are not presented.
3 of 6 site-years, showing the importance of nodulation and N fixation in some site-years. The remainder of our analyses will focus on the main effect of cover crop on dry bean attributes.
Populations. Dry bean populations were seldom impacted by cover crop treatment. Higher populations at the V2 growth stage were observed at both KBS and MSU in 2011 following an oilseed radish cover crop (data not shown) compared with no cover. Bean populations at KBS remained higher at harvest, with approximately 44,000 more plants ha -1 (32% higher) following oilseed radish (180,000 plant ha -1 ) compared with the no cover control (136,000 plants ha -1 ). In 2012 at KBS, the dry bean population at harvest following rye (218,000 plants ha -1 ) was 57% higher than the no cover control (139,000 plants ha -1 ), possibly because of increased moisture at the time of planting in the rye treatment compared with all other treatments (Table 1) . Dry bean populations at harvest were negatively correlated with soil inorganic N during the growing season (Table 3) .
Maturity. Dry bean maturity was only occasionally influenced by cover crop. Dry bean following rye and red clover were more mature and less mature, respectively, than those following the no cover treatment at the early and late evaluation times at 2012 KBS and the late evaluation at 2011 MSU (data not shown). In N stressed environments, mobile forms of N translocate out of leaf tissue as the N concentration gradient in the phloem is lowered. If the N concentration in the leaf is lowered to the point that protein synthesis is inhibited, premature senescence can be triggered (Hill, 1980) , which we suspect was the case where dry bean matured early following rye. In contrast, increasing N fertilization delays maturity in dry bean (Buttery et al., 1987; Blaylock, 1995) , as well as many other crops such as rapeseed (Brassica napus L.) (Ozer, 2003) , cotton (Gossypium hirsutum L.) (McConnell et al., 1993) and pepper (Capsicum annum L.) (O'Sullivan, 1979) . Delays in dry bean maturity can be a concern in northern climates if a freeze would prematurely terminate grain development (Blaylock, 1995) .
Yield. Average yields for all 6 site-years were 2.4 Mg ha -1 for both black (Black Velvet and Zorro) and navy (Vista) bean classes; state-wide yields for conventionally produced black and navy beans averaged 2.1 and 2.3 Mg ha -1 , respectively, for 2011 to 2013 (USDA-NASS, 2015). Dry bean yields following a cereal rye cover were reduced 32% compared to the no cover treatment at MSU in 2011; 1.5 and 2.2 Mg ha -1 , respectively. This was the site-year where rye produced 12.8 Mg ha -1 of biomass and soil inorganic N was reduced during June and early July. In all other site-years cover crops did not influence dry bean yields, with site-year dry bean yield averages ranging from 1.6 to 3.0 Mg ha -1 . The lack of cover crop influence on dry bean yield concurs with yield comparison studies of other cash crops in the absence of fertilizer (Baggs et al., 2000; Sainju and Singh, 2001; Sainju et al., 2002) . Though the influence of red clover on yield of a subsequent legume cash crop has not been previously reported, rye and oilseed radish have shown no effect on soybean yield (Reddy, 2001; Reddy et al., 2003; Williams and Weil, 2004) . In corn, Torbert et al. (1996) observed that 3 to 4 Mg ha -1 rye biomass reduced corn biomass and yield compared with no cover crop, which they attributed to N immobilization. Since dry bean derives a higher proportion of N from soil inorganic N compared with soybean (George and Singleton, 1992) , but require less N than corn, it was not a surprise that N immobilization following a robust rye cover crop reduced dry bean yield.
Grain Nitrogen Content. Dry bean grain N content was positively correlated with cover crop/weed biomass and C and N content, as well as with soil inorganic N throughout the season (Table 3) . Dry bean population and yield were negatively correlated with grain N content. Dry beans following a red clover cover crop had greater N content in the grain compared with oilseed radish, rye, and no cover in 2 of 3 yr when locations were combined due to a lack of a cover crop × location interaction (Table 5) . Previous studies have shown that increased fertilizer N, applied either at the time of pea (Pisum sativum L.) planting or at the flat pod stage, increased N recovery in the seed (Jensen, 1986) , suggesting that the increased inorganic N following a clover cover crop would increase the final N content of the dry bean seed produced, even with a higher percentage of N coming from the atmosphere (Kumarasinghe et al., 1992) .
CONCLUSIONS
Cover crops in some cases altered the soil environment during the dry bean growing season by changing soil VWC at planting and by influencing soil inorganic N throughout the growing season compared to the no cover control treatment. Dry bean populations, relative chlorophyll content, days to maturity and grain N were occasionally influenced by the preceding cover crop. Dry bean yields, regardless of cultivar including the R99 non-nodulating bean, were not influenced by cover crops. A positive correlation between soil KCl extractions and ion exchange resin strips was observed, however differences in soil inorganic N were more frequently detected through soil extraction than through the use of resin strips, which may be constrained due to frequent cultivation in organic systems. Relative chlorophyll readings did not correlate with soil extractions. Soil inorganic N was often higher following red clover compared with the no cover crop control, resulting in some instances in increased chlorophyll content in bean leaves and greater grain N; bean yield was not affected. Rye cover crops reduced soil inorganic N and caused early maturity of the beans in a few instances. At maximum biomass production (12.8 Mg ha -1 shoots and roots combined), rye reduced dry bean yield. Oilseed radish occasionally increased soil inorganic N and bean populations at the V2 dry bean stage, but had no impact on relative chlorophyll readings, maturity, yield, or grain N.
Optimum cover crop management strategies will be determined by the goals of the producer and their species selection. For example, as greater N content (i.e., protein) of bean becomes important to human health, seeding red clover in early spring and incorporating the following year 2 to 3 wk before dry bean planting may be desirable. If a grower is interested in using cereal rye before dry bean 1.9 † Clover = medium red clover, radish = oilseed radish, rye = cereal rye, no cover = weedy control. ‡ Fisher's protected LSD (P £ 0.05). ns = not significant.
to scavenge N in the fall and winter months, reduce soil erosion, and/or build SOM, there is the potential risk of N immobilization. This risk could be mitigated by planting the rye later in the fall and/or incorporating rye earlier in the spring, likely a month or more before dry bean planting. Information on oilseed radish and soil inorganic N is limited; however, earlier seeding of oilseed radish in early to mid-August resulted in more radish biomass for N mineralization in the spring. Producers may choose not to use a cover crop at all, as ambient winter annual weeds do not have a seeding cost yet they still scavenge N, add C to the system, protect soil from erosion, and increase soil biological diversity. However, utilizing weeds as a cover crop may be detrimental to the following crop if the weed species are a host for a pest such as the soybean cyst nematode (Heterodera glycines) and if weeds mature and produce seed before termination in the spring. Planting cover crops did not benefit dry bean yield in this research, however cover crops did sequester N during the fall and alter N availability to dry beans in some site-years.
